Currently, microelectrodes suitable for human use, along with highercapacity data acquisition and storage systems, are enabling technologies for refining, by orders of magnitude, the temporal and spatial resolution of brain electrical recordings in patients with epilepsy. Early results suggest that data obtained from microelectrodes and microelectrode arrays implanted in the seizure foci of epilepsy patients are likely to inform, in very significant ways, our understanding of the pathophysiological disturbance present in the epileptogenic cortex, as well as the process of seizure generation. These results hold the promise of leading to novel treatments for medically refractory epilepsy, including improvements in surgical brain resection and implantable devices designed to warn patients of impending seizures, or even to stop them from becoming clinically manifest by targeted delivery of drugs or electrical stimulation to affected brain areas. 2, 3 Recorded through the intact skull, the EEG reflects summated synchronous fluctuations of membrane potentials, primarily of the apical dendrites of millions of neurons spread over several square centimeters. 4 Brain signals passing through the scalp and skull are blurred and attenuated, especially in the higher frequencies. 5 A large area of the brain's surface must be active at any one time to generate EEG signals that are recordable at the scalp. Indeed, brain signals involving less than about 6cm 2 of cortex may be invisible on scalp EEG. 6 Furthermore, EEG signals from brain areas such as the inferior frontal lobe are difficult to record from surface electrodes; scalp-recorded EEG may detect only propagated activity from distant sources. 7 Nonetheless, for routine diagnostic purposes scalp recordings are the most practical option and are generally sufficient.
However, for epilepsy patients requiring surgical treatment the data provided by scalp recordings often prove insufficient to adequately localize the part of the brain responsible for generating seizures. 8 In these cases, the electrical effects of the skull are eliminated by surgically implanting electrodes into the subdural space or into the substance of the brain.
Intracranial electrode recordings help to more accurately target tissue for surgical removal by defining the locations of interictal and seizure activity at a resolution of 0. Using microwire electrodes implanted into the mesial temporal structures of patients undergoing surgery for temporal lobe epilepsy, a team at the University of California, Los Angeles (UCLA) discovered 'fast ripples'-brief and highly spatially restricted oscillations in the 250-600Hz range. 15 Fast ripples have been found to be most prominent in the location of seizure onset in human mesial temporal lobe epilepsy, [15] [16] [17] [18] be seen in conjunction with epileptic sharp wave discharges (see Figure 1 ). 23, 24 It is unclear whether these oscillations are the result of fast-spiking, tightly interconnected interneurons, augmented by currents cycling through gap junctions, 25 or clusters of neurons firing out of phase. 24 Despite their strong spatial correlation with the epileptogenic zone, the role that fast ripples play in epilepsy is not known. Trevelyan and colleagues have proposed that they may be related to an inhibitory feedback mechanism, serving to dampen the spread of ictal discharges and constituting a natural defense against seizures. 26 Using a 4mm-square penetrating array of 96 1mm-long microelectrodes with recording tips 3-5 microns in diameter implanted into the epileptogenic cortex, we recorded electrical patterns resembling seizures restricted to a small number or even a single microelectrode (see Figure 2) . 27 These tiny discharges are lost in recordings from standard subdural electrodes, as these electrodes effectively average the electrical signals from the area of cortex that they cover. Since the array's interelectrode spacing of 400 microns corresponds roughly to the scale of cortical macrocolumnsarchitectural elements ranging from 300 to 500 microns in diameter 28 - it is possible that these 'microseizures' are limited to one or several macrocolumns. Similar discharges have also been observed by researchers at Mayo Clinic using 40-micron-diameter microwire surface electrodes with 1mm spacing embedded in subdural grids. 29 The significance of microseizures and their potential role in the generation of clinical seizures are matters of speculation. Although they are most frequently seen within the epileptogenic zone, the majority of microseizures that we have observed have had not a clear relationship to larger, clinically evident seizures. Most microseizures appeared to start and stop on their own. In a few cases in both our series and the Mayo Clinic study, however, microseizures were observed to be involved in seizure initiation and evolution. Figure 3 shows the recruitment of cortex, sampled by the microelectrode array, into an ongoing seizure beginning with a series of propagated ictal discharges that appear to incite local microseizure activity at a small number of microelectrode sites. This secondary microseizure rapidly spreads to adjacent electrodes, then to the entire array, and is later picked up by the nearby subdural intracranial EEG. in the process of seizure development is strictly speculative. While it appears that they may both be signatures of epileptogenic cortex, sharing the common property of having tiny, isolated generating areas, they appear to represent distinct phenomena. We only rarely observed fast ripples and microseizures to be temporally coincident. Furthermore, they are generally found at different locations within the cortex sampled by the microelectode array, sometimes adjacent to one another and sometimes completely separate (see Figure 4) . Still, we find it tempting to speculate that perhaps clinical seizures occur when microseizures, beginning in tiny cortical domains surrounded by non-epileptogenic tissue but possibly functionally interconnected, spread to involve adjacent regions; fast ripples reflect a defensive system that acts to contain their spread. ■ 
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